A study was carried out on 117 smallholder dairy cattle herds in Kikuyu Division of Kiambu District Kenya between April 2004 and December 2004 to determine the incidence of periparturient conditions (downer cow syndrome, dystocia, milk fever and retained placenta among others) in smallholder dairy cattle herds and the associated factors (plausible predictor variables; age, parity and management systems among others) from a total of 206 dairy cattle. Data were collected during farm visits by observation, interviews using semi-structured questionnaires and clinical examination of animals. The most common conditions encountered were downer cow syndrome (12.6 %), dystocia (17.0 %), mastitis (9.5 %), metritis (7.3 %) milk fever (13 %) and retained afterbirth (26.6 %). The overall cumulative incidence of the periparturient conditions was 67 %. Animals with milk fever were 5 times more likely to develop retained placenta (P=0.04) while those with a history of having developed retained placenta in a previous parturition were at 2 times more likely to develop retained afterbirth (P=0.05). Cows with milk fever were 9 times more likely to develop owner cow syndrome (P <0.001) while those that were not given supplemental feed in the last trimester were 4.8 times more likely to develop downer cow syndrome (P=0.007). Animals that had dystocia were 3.9 times more likely to develop metritis (P=0.02) and while those with retained placenta were 5.2 times more likely to develop metritis (P=0.03). In addition, animals with dystocia were 10.55 times more likely to develop postpartum haemorrhage (P=0.01) and 58.9 times more likely to develop injuries to the birth canal (P<0.01). From this study it can be concluded that downer cow syndrome, dystocia, mastitis, metritis, milk fever and retained placenta were the most common periparturient conditions in smallholder dairy cattle herds in Kikuyu division of Kiambu district.
Introduction
The periparturient period in cattle refers to the 2-3 weeks pre-and post-partum and is a transitional period characterized by changes in endocrine status of the animal, to provide for lactogenesis and parturition. It is also characterized by changes in tissue metabolism, nutrient utilization, and disruptions in functioning of the immune system (Kimura et al., 2006) . The initial stages of uterine involution, in preparation for the next reproductive cycle also take place at this time.
Several conditions such as milk fever, ketosis, injuries to the birth canal, nerve paralysis, mastitis and metritis occur at higher frequency during the periparturient period in cattle (Goff and Horst, 1997) . These conditions have been reported to account for up to 8 percent of all the diseases in dairy cattle (Roine and Saloniemi, 1978; Markusfeld, 1987) , and cause substantial losses to the dairy industry in terms of increased generation interval, loss of genetic pool, deaths, reduced productivity of the animals and costs of treatment (Erb et al., 1985) .
Most reports on periparturient conditions have been based on intensively managed large dairy herds in temperate climates (Erb et al., 1985; Markusfeld, 1987; Peeler et al, 1994; Kelton et al, 1998; Radostits et al., 2000) . However there is limited information about these conditions in the smallholder dairy production system in the tropics. Since these diseases account for up to 8 percent of all the diseases affecting dairy cattle as has been reported in intensive large-scale herds in temperate countries, these diseases could have economic significance in smallholder herds. Smallholder dairy farming accounts for up to 80 percent of milk production in Kenya (EAAPP, 2010) . Thus, suboptimal production due to these diseases will have a significant effect on the national milk production. This study was, therefore, designed to determine the incidence of periparturient conditions and their risk factors in 117 smallholder dairy cattle herds in Kikuyu Division of Kiambu District, Kenya.
Materials and methods

Study area
This study was carried out in Kikuyu Division of Kiambu District, Central Kenya between April and December 2004. Kikuyu Division covers an area estimated at 240 square kilometers and is divided into two main agroecological zones, namely the lower highland (L.H.) with an altitude of between 1820 to 2070 m above sea level and the upper midland (U.M.), with an altitude of between 1200-1820 m above sea level. Mean temperatures are mainly determined by altitude ranging from 8.6 oC to 21.9 oC in the lower highland and 13.1 oC to 22.9 oC in the upper midland agro-ecological zone. The rainfall in this area is bimodal and reliable with the long rains occurring between the months of March and May while the short rains occur from October to December. Average rainfall is 800-2000mm/annum and 600-1600mm/annum in the lower highland and upper midland agro-ecological zones, respectively. The total cattle population in this area is estimated at 35,000 most of them being dairy cattle that are intensively reared (Mars group, 2012) .
Sampling method and sample size
Initially, smallholder farms having less than 10 dairy cattle were selected from a list at the Kikuyu Dairy Cooperative Society and the local livestock production office.. The selection of the herds and animals was purposive and progressive based on the presence of at least one animal 3-8 months pregnant in the herd and the farmers' willingness to participate in the study. The pregnancies were confirmed by trans-rectal palpation of the uterine contents. A total of 117 (88.6 %) out of the 132 smallholder farmers interviewed were willing to participate in the study. Some of the farmers who were unwilling to cooperate thought that a rectal palpation in a pregnant animal would affect the survival of the foetus in-utero or the calf post-calving; others on the other hand did not see how the study would be of benefit to their animals.
Farmers were motivated by being offered free treatment for any sick animal in the herd by the first author.
The smple size was determined using the formula n = 4 X P (1-P) L2
where n = sample size, L=Precision (0.05) and P= prevalence estimate (20%), using 95% confidence levels P was estimated at 0.5
One hundred and fifty animals were from the lower highland agro-ecological zone (Altitude 1820 -2070 m above sea level) and 56 from the upper midland agroecological zone (Altitude 1200-1820m above sea level). Follow up for 113 animals took place during the dry season while the remaining 93 were followed during the wet season. The follow-up period was a seasonal coincidence and was not to affect the study outcome. The breeds of the animals were identified phenotypically and the ages of the animals were determined through dentition (Sisson and Grossman, 1969) . The animals selected were of varying ages and parities and almost exclusively of exotic breeds with Friesians being the most common breed as shown in 
Visits to farms
Monthly visits were carried out for pregnant animals that had not entered the periparturient period (more than 3 weeks prior to parturition) and weekly visits were carried out as soon as the animals entered the periparturient period (3 weeks before and 3 weeks after parturition). During the first visit to the farm, baseline herd data were collected by the main author through direct observation and administration of a self administered semi-structured questionnaire. The questionnaire was in English, but when necessary, translation to Kiswahili (national language) was done by the main author while a veterinary assistant did the translation to Kikuyu (local dialect). The data collected included the farm location, management system, herd structure, feeding system and breeding practices. The level of hygiene and maintenance of farmstructures were visually scored as good, fair or poor. During the initial and subsequent visits, detailed data about individual cows/heifers participating in the study were collected using a clinical record form. These included animal identification, age, parity, its reproductive history and present medical and fertility status as determined by a detailed physical examination. A trans-rectal examination was performed to determine the pregnancy status, age of pregnancy and the presence or absence of uterine infection post partum.
Case definitions
Cystic ovarian disease-A case of cystic ovarian disease was based on history of anoestrus and nymphomania, palpation of ovaries and detection of a cyst that was greater than 2.5 cm in diameter and lasted for more than 10 days. Those that were thin walled were classified as follicular cysts while those that were thick-walled were classified as luteal cysts. In addition, clinical signs sinking of sacrosciaticligaments, masculinization and short inter-oestrus intervals were also considered.
Displaced abomasum-A case of displaced abomasum was based on history of inappetance combined with clinical signs of reduction in frequency and intensity of rumen movements, high pitched tinkling sounds in the left or right side in the area around the 9 th -13 th ribs and rectal palpation for right displacement of the abomasum.
Downer cow syndrome-An animal that was unable to rise after 24 hours of recumbency or unresponsive to two treatments for milk fever was termed a downer cow.
Dystocia-Dystocia was determined based on the history of occurrence from the farmer and clinical examination of the dam and foetus per vaginum to determine the type and the cause of the dystocia.
Injuries to the birth canal-This was determined based on history from the farmer and careful examination of the perineum, vulva, vagina and uterus for tears and injuries.
Ketosis-Ketosis was determined using clinical signs of wasting, decreased or selective appetite preferring to eat roughage and less concentrate, ketone odour in breath and milk and nervous signs. Tests were also performed on urine to confirm the occurrence of ketosis using dipsticks. Ten millilitres of urine was collected into a test tube and the dipstick dipped into the urine sample for five seconds and the reading done immediately on a scale. The results were classified as either negative, +, ++ or +++ depending on the levels of ketones (Combur10 Test®; Boehringer, Mannheim).
Mastitis -Mastitis was determined based on history of occurrence from the farmer and gross changes in the udder, milk and the animal. The Californian Mastitis Test (CMT) was performed to screen for mastitis at the farm and visually scored as 1, 2, 3, 4 or 5 (Grootenhuis et al, 1979) . Thereafter, milk from all CMT positive quarters from animals was collected aseptically into sterile universal bottles and transported to the laboratory in a cool box for culture and sensitivity testing.
Puerperal metritis-This was determined based on the history of occurrence, general examination for the presence of fetid vaginal discharges, straining by the cow, inflammation and oedema of the vulva and rectal examination of the uterus for its size and contents.
Milk fever -This was determined based on history of occurrence and clinical signs such as reduced rectal temperature, depressed mental state, dry muzzle, weak pulse and heart sounds, generalized muscle weakness, ruminal atony and tympany, dilation of pupils with slow pupillary light reflex and recumbency.
Physiological oedema-This was determined based on history of occurrence and clinical examination of oedematous swelling on and around the udder.
Postpartum haemorrhage-This was determined based on history from the farmer and clinical signs of blood oozing from the vulva, pale mucous membranes, tachycardia and tachypnoea.
Retained placenta-This was determined based on the history of a placenta that had not dropped within 12 hours after calving and observation of the placenta hanging outside the vaginal opening or physical palpation per-vaginum.
Stillbirth-This was determined based on observation and history of birth of a dead foetus at term or within 24 hours after birth.
Uterine and vaginal prolapse-This was determined based on the history of occurrence from the farmer and the clinical observation of the organ hanging outside the vulva opening.
Uterine torsion-This was determined based on history of a cow in the second stage of labour that had been unable to deliver for a prolonged period and clinical examination of the birth canal for twists in the cervix and vagina or occlusion. A rectal palpation was performed to determine the direction of the torsion and tension on the broad ligament was used to gauge the severity.
The occurrence of a specific condition was only considered once during its first occurrence per animal even if there was recurrence during the periparturient period
Data management and analysis
Data were entered and stored in Microsoft Office Excel 2003 (Microsoft Corporation, USA). Conditions were recorded as binary variables (1=Disease; 0=No disease) and the files were screened for any errors that might have occurred during data entry and these were corrected. The data were later exported into Genstat for Windows Discovery Edition 2 (VSN international) for analysis.
Descriptive statistics was computed for age, parity, breed, sex of offspring, agroecological zone, feeding and management systems. The lactational incidence risk (L.I.R.) was used to estimate the incidence of periparturient conditions. L.I.R. has been recommended for calculating the incidence of periparturient conditions due to the short period of risk associated with these conditions (Peeler et al, 1994; Kelton et al, 1998) .
The Lactational incidence risk was calculated as
Number of cases Number of animals at risk The χ2 statistic was used to determine unconditional associations between predictor variables (age, agroecological zone, breed, feed supplementation, level of hygiene, management system, parity, sex of offspring) and periparturient conditions with a significant level of P<0.05 (Dohoo et al, 1996) .
Multiple logistic regression procedure was carried out to model the effects of potential risk factors/independent factors on the occurrence of periparturient conditions/dependent factors. The backward elimination procedure was used to eliminate the factors that were not significant at P<0.05 in the overall model. Correlation between parameter estimates was used to determine if any of the variables were correlated. The effect of clustering was controlled by changing the dispersion parameter from 1 to estimate; and comparing the two outputs from the regression models.
Results
Disease incidence distribution across altitude, parity and breeds
Most, 67 %, (138/206), animals developed at least one of the periparturient conditions under study. The incidences of the periparturient conditions are as given in Table 1 .
The incidence of injuries to the birth canal, metritis, retained placenta and stillbirths were higher though not significantly (P>0.05) in lower highlandaltitude while the incidence of downer cow syndrome and physiological oedema were higher though not significantly (P>0.05) in upper midland -altitude. The rest of the conditions were distributed as shown in Among the breeds, Friesians were the most common and developed all the conditions under study apart from ketosis and displaced abomasum. Zebu crosses that were the least common breed encountered only developed retained afterbirth. The rest of the breeds developed the various conditions in varying proportions as presented in Table 3 . 
Risk factors for periparturient conditions
Risk factors for periparturient conditions are as shown in Table 4 . Factors significantly associated with the development of retained afterbirth were milk fever and history of having developed retained afterbirth in a previous parturition. Factors significantly associated with the development of downer cow syndrome were milk fever and lack of supplemental feeding. Factors significantly associated with the development of metritis were dystocia and retained placenta. Dystocia was significantly associated with the development of periparturient haemorrhage and injuries to the birth canal. 
Discussion
The results of this study showed the incidence of periparturient conditions among the mallholder dairy farms in Kikuyu Division of Kiambu District, Kenya was high. The incidence of retained placenta (26.6 %) in this study was considered high compared to other studies in the same region (Odima, 1994; Eiler, 1997; Kanuya et al, 2000) . Factors that could have led to this include mineral and vitamin deficiencies due to the low level of supplementation observed in this study.
The findings of this study revealed that animals with milk fever were more likely to develop retained placenta relative to those without milk fever. It has been suggested that this is due to uterine atony in cows with milk fever and failure of expulsion of the placenta after parturition (Curtis et al, 1983) . Cows that had retained placenta in the previous parturitions were more likely to develop retained placenta relative to those that had never developed retained placenta in the previous parturitions; these were inagreement with the findings of previous studies (Arthur et al, 1996 , Fleischer et al, 2001 ). This may be due to the increased risk of developing placentitis thus leading to a firm attachment between the foetal cotyledons and maternal caruncles. It is therefore possible that, by reducing mineral and vitamin deficiencies through increased supplementation, the incidence of retained placenta in smallholder dairy cattle farms and the associated losses such as infertility can be reduced (le Blanc et al, 2002) .
The incidence of dystocia (13.6 %) in this study was considered high. This high incidence may have been partly explained by the increased use of artificial insemination as was evident in this study, which may have led to the birth of largerand heavier calves thus predisposing the cows to developing dystocia as has previously been reported (Meyer et al, 2001) . In this study, animals that developed dystocia were 58 times more likely to develop injuries to the birth canal relative to those with no dystocia. Most of these injuries were iatrogenic occurring during obstetrical manipulations to relieve dystocia. Furthermore, the traction applied on the foetus could have led to physical injuries to the birth canal. The incidence of dystocia was also higher in animals that were bred by artificial insemination than those that were bred by natural mating and those that gave birth to male calves relative to when female calves were born. This could have been due to the larger calf sizes in both instances which predisposed the dams to developing dystocia. Therefore, in order to reduce the incidence and losses associated with dystocia, such as loss of genetic material from the death of calves and dams and veterinary costs, smallholder dairy farmers should be advised to select semen for artificial insemination from bulls based on calving ease and the size of the dams.
The incidence of milk fever in this study was considered within the normal range as reported earlier (Kelton et al, 1998) . Improved genetics from artificial insemination resulting in higher producing animals without adequate supplementation as was evident in this study could have led to the occurrence of milk fever in this study. The highest incidence of milk fever was found in cows in their fourth lactation which was in agreement with previous reports on this condition (Radostits et al, 2000) . Most328 farmers in this study were advised to give their animals formulations with high phosphorus during the dry period as a means of preventing milk fever; however this has been reported to increase the risk of developing milk fever by up to 6-9 times (Lean et al, 2006) . Thus to reduce the incidence and losses associated with milk fever, smallholder farmers should be advised on the proper formulations to give their animals based on their levels and stage of production. In addition, they should be advised on what group of animals are most at risk based on age and stage of lactation.
The incidence of downer cow syndrome was considered high. Animals with milk fever were more likely to develop downer cow syndrome relative to those that did not develop milk fever. This was in agreement with the findings of previous studies (Radostits et al, 2000; Fleischer et al, 2001; Houe et al, 2001 ). In addition, cows that were not given supplemental feed during the pre-parturient period were more likely to develop downer cow syndrome relative to those who were given supplemental feed. Thus the provision of supplements just as for milk fever would assist in reducing the incidence and losses associated with downer cow syndrome.
The incidence of clinical mastitis encountered during the study was considered within the normal range. The most common organisms isolated were Escherichia coli and Klebsiella spp accounting for 70.59% of the isolates. This could have been due to hyperketonaemia present during this phase of production as has been reported previously (Harmon, 1984; Janosi et al, 2003; Huszenicza et al, 2004) . The low level of hygiene in the cow sheds and practised by the workers as observed in this study could also have led to the high incidence of clinical coliform mastitis (Elbers et al, 1998) . Therefore, to reduce the incidence and losses associated with periparturient mastitis, farmers should be advised to improve the hygiene of their cattle sheds and milking procedures.
The incidence of metritis at 7.28 % was similar to reports from other studies (Odima, 1994 , Kelton et al, 1998 Shiferaw et al, 2005) . Animals that developed retained placenta were 5 times more likely to develop metritis. This could have been due to the unsanitary practices in the relief of retained afterbirth as had been reported in previous studies (Peeler et al, 1994) . In addition, animals with dystocia were more likely to develop metritis; this could have been due to the resultant uterine atony that delayed the expulsion of uterine contents post calving and also injury and contamination of the uterus when obstetrical hygienic practices were not observed during the relief of dystocia as has been reported previously (Peeler et al, 1994; Bruun et al., 2002) .
The incidence of stillbirths in this study of 5.8 % was similar to other studies that had reported an incidence of 7 percent in United States dairy herds (Meyer et.al, 2000) . The birth of a male offspring was associated with this condition which was in agreement with the findings of previous studies (Meyer et al, 2000; Meyer et al, 2001; Hansen et al, 2004) . This may have been as a result of their relatively larger body size (Meyer et al., 2001 ).
Incidence of uterine and vaginal prolapse of 4.94 % was agreeable with the findings of other workers (Markusfeld, 1987; Gardner et al, 1990) . In this study, the incidence of prolapse was positively associated with the dry season. This may have been due to the fact that the poor nutrition during the dry season would have led to loss of body condition and perivaginal fat that is important in supporting the uterus and vagina within the pelvic cavity. To reduce the incidence and losses associated with uterine prolapse such as mortality, smallholder farmers should be advised and encouraged to employ ways of storing feed during the wet season when forage is abundant such as by making hay or silage, so that it can be used during the dry season. In addition they should be educated on the need for prompt treatment of cases of uterine prolapse in order to reduce mortality as was observed in this study.
The incidence of periparturient haemorrhage in the study was 3.4 %. Animals that developed dystocia were 10.5 times more likely to develop periparturient haemorrhage. This was in agreement with previously published reports (Njenga and Tsuma, 2004) . Most of the cases were iatrogenic and occurred when injuries occurred on blood vessels in the reproductive tract during manipulation of the foetus in order torelieve the dystocia
The incidence of physiological oedema was 3.2 % with only 5 out of the 8 cases being severe enough to warrant intervention.
The incidence of cystic ovarian disease of 0.9 % was lower than reports in temperate countries where incidences of between 1 to 18.8 % were reported (Garverick, 1997; Kelton et al, 1998) . This may have been due to the low level of milk production of dairy cattle in the smallholder sector relative to dairy cattle in the temperate countries that leads to less stress post partum. In addition, as per the study design, animals in this study were examined up to 3 weeks post partum while indeed cystic ovarian disease has been reported to occur much later post partum (Hafez and Hafez, 2000) ; thus some of the animals may have developed the condition in the postpartum period beyond three weeks but was not diagnosed.
The incidence of uterine torsion at 0.9 % was considered low. This may have been due to the fact that most farms had non slippery floors either made of stones or earthen floors. The chances of cows falling in such circumstances were therefore reduced. Frazer et al (1996) had reported that Friesians were at an increased risk of developing uterine torsion. Despite them being the predominant breed in this study, the incidence of uterine torsion was low. This implies the existence of other factors leading to the occurrence of uterine torsion.
In this study, the incidence of ketosis was very low. This low incidence may have been due to the relatively low milk production in smallholder dairy cattle relative to intensively reared dairy cattle; this would have led to reduced chances of the cows having a negative energy balance and developing ketosis (Hafez and Hafez, 2000) . Furthermore, the relatively low average body condition score of cows in this study could also have contributed to the low incidence. Ketosis has also been associated with high level concentrate feeding (Arthur et al, 1996; Hafez and Hafez, 2000; Seifi et. al., 2007; Guo et al., 2008; Ospina et. al., 2010; Rollin et. al., 2010; ) , since this was low in the smallholder dairy cattle farms it could have contributed to the low incidence.
No case of abomasal displacement was encountered in this study. This could be attributed to the low level feeding of grain concentrate and the predominantly high roughage diets fed to the animals in the smallholder dairy production system relative to intensively reared dairy cattle. In addition, the feeding of grain concentrate was erratic in the farms where this was done.
In conclusion, there was a high incidence of periparturient conditions among smallholder dairy cattle herds in Kikuyu division of Kiambu district with downer cow syndrome, dystocia, mastitis, metritis, milk fever and retained placenta being the most common conditions encountered. The agro ecological zone, stall-feeding, the birth of male calves and lack of supplementation had an effect on the occurrence of periparturient conditions. In addition, conditions such as milk fever and dystocia did predispose to the occurrence of other periparturient conditions. Further research needs to be carried out so as to determine the impact of these diseases on the productivity and performance of cattle in the smallholder dairy production system and the dairy sector as a whole in Kenya.
